Abstract: Ultrasonic velocities and densities of the binary liquid mixtures of dimethy1 sulphoxide (DMSO) with phenol, o-cresol, m-cresol, p-cresol and p-chlorophenol at 318.15 K, over the entire composition range were measured. The theoretical values of ultrasonic velocity were evaluated using the Nomoto's Relation (NR), Ideal Mixture Relation (IMR), Free Length Theory (FT) and Collision Factor Theory (FLT). The validity of these relations and theories was tested by comparing the computed sound velocities with experimental values. Further, the molecular interaction parameter (α) was computed by using the experimental and the theoretical ultrasonic velocity values. The variation of this parameter with composition of the mixtures has been discussed in terms of molecular interaction in these mixtures.
Introduction
Measurements of ultrasonic velocity in liquids [1] [2] [3] [4] [5] give information about physicochemical behaviour of liquid mixtures such as molecular association and dissociation. Ramasawamy and Anbananthan 6 carried out the ultrasonic investigations on some binary and ternary liquid mixtures and correlated the experimental findings of ultrasonic velocity with the theoretical relations suggested by Nomoto 7 and van Deal van Geel 8, 9 and interpreted the results in terms of molecular interactions. Mishra and Mishra 10 have also studied the ultrasonic velocity of liquid mixtures using both the above relations and discussed the applicability of the above relations.
In the present communication the Nomoto's Relation, Ideal Mixture Relation, Free Length and Collision Factor theories have been used to predict ultrasonic velocity in Phenols with DMSO liquid mixtures and they have been compared with the experimental values of ultrasonic velocity. Further, the intermolecular interaction has been discussed in the light of deviations observed by plotting the experimental and the theoretical values of ultrasonic velocity against the mole fraction of the pheno1 [s] .
Experimental
Ultrasonic velocity of pure liquids and mixtures were measured at 3MHz with variable path single beam interferometer gold plated quartz crystal at the bottom and double walled gold plated cell having grooves at inside walls to check the overlapping of stationary waves to produce clarity nodes and inter codes. The accuracy of velocity measurements is ±0.1 ms -1 . The densities of pure liquids and mixtures were determined from the weight measurements on using the specific graving bottle immersed in the thermostat at the experimental temperature and the accuracy in the measurements 11, 12 was ±0.1 kgm 3 .
The liquids were of best available grade phenol (BDH), o-cresol (SD's fine chemicals), m-cresol (BDH), p-cresol (E Merck), dimethyl formamide (BDH) and purified by standard methods described by weissberger. The liquid mixtures were prepared by mixing calculated amount of pure liquids.
Theoretical aspects
Nomoto established an empirical formula for ultrasonic velocity in binary liquid mixture,
Where, U NM = ultrasonic velocity as per Nomoto, R=Rao constant, is related to molecular weight M and density ρ by,
Where, V M molar volume obey the additivity,
Van Deal and Van Geel proposed the following expression for the estimation of sound velocity u im in an ideal mixture using the sound velocities in the pure components
According to Jacobson's theory 13 of free length, the ultrasonic velocity is given by ( )
For the Binary liquid mixture Eq. (4) is
Y as an adjustable parameter in the evaluation of velocity in liquid mixtures. Y was obtained from velocity in pure liquids using equation Eq.(4):
where K is the temperature -dependent Jacobson's constant 14 , V a is the available molar volume, which is the difference between the molar volumes at T(K) and 0(K), is a direct measure of the compactness and the strength of bonding between the molecules of a liquid in mixture. V a is given by V a =V M -V 0
when Y in Eq. (5) is replaced according to Eq. (6) and when the resulting expression is rearranged, one gets
Eq. (8) says that according to the free length theory the square root of the inverse of the adiabatic compressibility of liquid mixture (Uρ 1/2 ) is the sum of the available volume fraction average of the square root of the inverse of adiabatic compressibilities of the individual components.
Collision factor theory (CFT)
According to Schaaffs 15 the sound velocity in pure liquid is given by
where U ∞ =1600 m/s; S=collision factor and B/V M = space filling factor, B is the actual volume of molecules per mole. For binary liquid mixtures this formula was modified by Nutsch -Kuhnekies 16 as:
, where b is the van der Waals parameter given by
s as an adjustable parameter, obtained from velocities in pure components. The predictive abilities of various ultrasonic theories depend upon the strength interaction prevailing in a system; these theories generally fail to predict accurately the ultrasonic velocities where strong interactions supposed to exist and the average absolute percentage relative deviation is small in systems where the interactions are less or nil. The theoretically found ultrasonic velocities of liquid mixtures reveal that CFT shows better agreement than the other relations. Rajendran 17 also arrived at the same conclusion.
Results and Discussion
The CFT consider that the elastic nature of spherical molecules is responsible for the molecular interaction. It is more valid in these mixtures. On the other hand, the FLT assumes that molecules are rigid spheres with no interaction between them and it is not valid in the present cases. Hence the deviation from the experimental ultrasonic velocity values is maximum in the FLT. Though both the IMR and NR fit the data reasonably well, the gives a better fit.
The average absolute percentage relative deviation values are maximum for the p-chlorophenol + DMSO systems (Table 1) in respect of two relations and two theories and minimum for the o-cresol + DMSO systems in respect of the relations and theories excluding the IMR. In case of the IMR, phenol + DMSO system exhibit minimum deviation. These results not only show the feasibility of these theories but also envisage the rising deviation with increasing nonideality in the mixture 18 . The deviation of the ratio U exp 2 / U im 2 from unity (degree of interaction, α) and its variation as a function of mole fraction of phenol is a direct measure of the nonideality of the system as a consequence of association or other type of interactions. The positive values of α in all the system clearly indicate the existence of strong tendency for the formation of association in mixture through hydrogen bonded complexes. The p-chlorophenol + DMSO mixture shows maximum in α while the deviation is minimum in the case of o-cresol + DMSO.
The DMSO is highly polar, having large dipole moment because the distance between the positive and negative charge is large. In DMSO the sulphur is bonded to oxygen atom and there is a possibility of pπ -dπ bonding. In addition to a σ bond, a π bond may form by utilizing an unshared electron pair of oxygen and the vacant sulphur d-orbits. This results in a double bond, which differs from the ordinary double bond because it occurs by virtue of expansion of the valence shell to hold more than eight electrons, suggesting that S = O bond is polar. 19, 20 . Suggested the formation Hydrogen bonding between DMSO and Cyclohexanol Molecules by the excess acoustical parameter studies. The -OH group in phenol activates the ortho and para positions more than meta position, making the electron density high in these two positions than in the meta position.
In the o-cresol, the closeness of -CH 3 group to -OH group shows the presence of two types of effect. One is the increase of electron density in the O-H bond and the other is the steric effect. These two effects decrease the strength of intermolecular hydrogen bond formation in o-cresol than in meta and para cresols. In meta isomer there is no steric effect and the inductive effect also decreases. Due these effects the intermolecular hydrogen bond formation increases in m-creso 21. In p-cresol the inductive still decreases. But the -OH group activities the ortho and para position of the aromatic ring and deactivates the meta position. The complex formation decreases here than in meta isomer 22, 23 . A general survey of the Table 1 shows that α is positive indicates larger deviation from ideality which may be due to the formation of association in mixtures through hydrogen bonding. This result is in accordance with those of ramamurthy at al 15, 16 . The range of percentage of deviation of ultrasonic velocity from IMR for mixtures of DMSO with phenol [s] is 2 to 4.95 where as from NR it is only 1.6 to 2.4 this shows that NR gives a satisfactory evaluation of sound velocity in binary mixtures 24, 25 .
The degree of molecular interaction values were found to be positive in all these systems, but it becomes increasing positive in the order, o-cresol < p-cresol < m-cresol < phenol < p-chlorophenol. This suggests a somewhat stronger interaction of DMSO with p-chlorophenol than with other phenols 26, 27 .
The pKa (dissociation constant) values of p-chlorophenol, phenol, m-cresol, p-cresol and o-cresol are 9.20, 9.96, 10.01,10.17 and 10.20 respectively and this clearly indicates that the intermolecular hydrogen bonding is stronger in the case of p-chlorophenol than that of the rest of the phenols of this study 28 .
Possibility of formation of intermolecular bonding between the proton donor of the phenol molecules and the proton acceptor of DMSO molecules can be represented as. 
Conclusion
In the systems phenol[s] with DMSO, the magnitude of the degree of molecular interaction parameter values is inferred that the greatest interaction is between p-chlorophenol and DMSO, where as the weakest interaction between o-cresol and DMSO 20, 21 . This is to be expected since the pKa value is low for p-chlorophenol compared to other phenols of this study. The average absolute percentage relative deviation values are also inferred the same conclusion.
